More evidences have now been collected at the Large Hadron Collider suggesting the new 125∼126 GeV boson is likely the long sought Higgs boson in the standard model. One pressing question continued being asked by theorists is whether this Higgs boson is a lone player responsible for the full electroweak symmetry breaking. Current data still allow room for additional Higgs bosons or some other UV physics that may play a partial role in electroweak symmetry breaking as well. We use the W W scattering to investigate such a possibility, using the two-Higgs-doublet model as a prototype. The W W scattering becomes strong when the extra Higgs bosons are very heavy. We study the sensitivity of the partially strong W W scattering signals at the 13 TeV Large Hadron Collider.
I.
INTRODUCTION
A new particle with mass of 125∼126 GeV was discovered at the Large Hadron Collider (LHC) in July 2012 [1, 2] . This may be the long sought Higgs boson of the standard model (SM), which was proposed in 1960s [3] , or one of the Higgs bosons beyond the SM.
For example, supersymmetric theories, little-Higgs models, and other extended Higgs sector such as the two-Higgs-doublet models (2HDM) all contain a multitude of neutral as well as charged Higgs bosons. The current data still contain large uncertainties that these various extensions of the SM cannot be confirmed or ruled out decisively. Based on the data on the signal strengths of all decay channels of the Higgs boson, it is therefore important to constrain various couplings of the Higgs boson. Indeed, several precision studies of the Higgs boson appeared recently, either in model-independent approach [4] or in specific models (e.g., two-Higgs-doublet models [5] ).
One of the most useful constraints from the global fitting of the Higgs boson couplings is the one to a pair of W/Z bosons. The current data constrain [4] 
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The central value is close to 1, which means that the observed Higgs boson leaves only little room for the existence of another Higgs boson or some unknown UV physics responsible for the electroweak symmetry breaking (EWSB). If C v is exactly equal to 1, it means that the observed Higgs boson will completely account for the EWSB. We do not need another Higgs Ref. [6] .
As is well known, scattering of the longitudinal components of the weak gauge bosons is a useful probe of the EWSB sector [7, 8] . [9] as well as for an extra hidden Z model in [10] . This temporal growth of W L W L scattering amplitudes in the immediate range of energy is of immense interests to the LHC experiments, in particular with its upgrade to 13-14 TeV. Previously, the calculation was done using the naive effective W approximation [11] . In this work, we extend our previous work [9] to include the full calculations with detector simulations.
In the full calculation of→ qqW + W − , there are (i) vector-boson fusion (VBF) diagrams and (ii) non-VBF diagrams, e.g., the W bosons simply radiate off the external quark legs. The non-VBF diagrams do not involve the dynamics in the EWSB sector, and thus should be suppressed by devising appropriate kinematical cuts. The W W fusion can be extracted by the presence of two energetic forward jets. We can impose selection cuts to select jets in forward rapidity and high energy region [12] . Furthermore, if we demand the leptonic decay of the vector bosons, there will be very few jet activities in the central rapidity region [13] . Previous studies in the context of strongly interacting EWSB sector were performed in Ref. [14] . Similar selection cuts can be applied here for partially strong W L W L scattering.
The organization of this paper is as follows. In Sec. II, we first briefly review some details how the bad energy behavior in the W L W L scattering amplitudes in SM is completely cancelled among the gauge and Higgs diagrams. We then discuss how the modified gauge- A previous work on using W W scattering to investigate the anomalous g hW W coupling can be found in Ref. [15] . Another interesting approach is to determine the relative longitudinal to transverse production of the vector bosons by measuring the polarization of the vector bosons [16] .
II. W W SCATTERING AMPLITUDES
Let us begin by recalling the derivation of a covariant form for the longitudinal polar- 
with
Since this form of v µ is not covariant, so the calculation involving v µ would be cumbersome.
Nevertheless, in the center-of-mass frame of the incoming
and so the polarization 4-vector
and similarly
where
pair, simply make the substitution of k 2 ) to obtain the covariant form for their polarization vectors.
Next consider the process
, which has contributing Feynman diagrams of γ, Z in both s and t channels and a 4-point vertex, as well as the Higgs boson exchange in s and t channels. The amplitudes for the gauge diagrams are given
Substituting the form of the longitudinal polarization vectors into the above amplitudes, the 
Suppose the hW W coupling is merely a fraction C v of its SM value as defined in Eq.(1).
The contributions from the Higgs diagrams are
1 In an extra hidden Z model, it has been shown in [10] H . We will use this scenario in 2HDM to investigate the sensitivity at the LHC.
III. EXPERIMENTAL CUTS FOR VBF AND NUMERICAL RESULTS
The central issue for the experimental detection of W W scattering is to separate the VBF diagrams among all the other non-VBF ones. In the VBF diagrams, each of the initial quarks radiates a W/Z boson, which further scatters into the final state W/Z bosons. The unique feature of this process is that the scattered quark is very energetic, carrying almost all the energy of the incoming quark and very forward [12, 13] . Furthermore, if we demand the leptonic decays of the W and Z bosons, there will be very little hadronic activities in the central rapidity region. Therefore, the signature includes (i) the appearance of two energetic forward jets with large spatial separation, and (ii) the leptonic decay products of the W or Z bosons are enhanced at the large invariant mass region.
Based on these features we impose the following experimental cuts for the two jets in 
selecting the VBF events:
where E T j1,j2 and η j1,j2 are the transverse energies and pseudo-rapidities respectively of the two forward jets, and 
, and ZZ channels are slightly different, which we list separately in Table I . We sum over the charged leptons = e, µ.
We set the mass of the heavier CP-even Higgs boson to be 2 TeV, which basically at the margin of the LHC reach. The charged and the CP-odd Higgs bosons are not relevant to the W W scattering here. Therefore, the only relevant parameter to this study is sin(β − α), which we shall use 0.5, 0.7, 0.9 as illustrations.
We use MADGRAPH 5 [21] to perform the full parton-level calculations, including the decays of the W and Z bosons. Then we turn on PYTHIA 8.1 [22] for parton showering and jet radiation, and use PYTHIA-PGS [23] to perform detector simulation to provide jet and lepton reconstruction.
We expect that the enhancement in the differential cross section in the large invariantmass region of the vector-boson pair will be manifested at the large invariant-mass of its decay products, e.g., M in both W ± W ± and W + W − channels, and M 3 and M 4 in W Z
and ZZ channels, respectively (see Table I ). We show the invariant-mass distributions of the charged leptons in various diboson channels 0.5, 0.7, 0.9 as well as the SM in Fig. 1 Table II , we show the cross sections for all channels after the leptonic and jet cuts in various diboson channels for sin(β − α) = 0.5, 0.7, 0.9 and the SM.
The difference between the cross section of the SM and the one with sin(β − α) = 1 is the signal of enhancement due to the deviation in the g hW W coupling. The largest enhancement happens in the W + W − and ZZ channels. In the W + W − channel, the enhancement is (8) and (9), and leptonic cuts listed in Table I .
Cross Sections (fb) Channels sin(β − α) = 0.5 0.7 0.9 SM (C v = 1) small for detection. On the other hand, the event rate for W + W − → 2 2ν is sufficient for detection at the LHC.
IV. CONCLUSION
In this work, we have demonstrated that detailed studies of longitudinal weak gauge boson scattering at the LHC can provide useful hints of new physics at a higher scale, despite only a light Higgs boson has been discovered at the LHC. If unitarity is only partially fulfilled by the light Higgs boson, the W W scattering cross sections must be growing as energy increases before it reaches the other heavier Higgs bosons or other UV completion to achieve the full unitarization. This partial and temporary growth of the cross sections can be palpable at the LHC provided that the UV part resides at a sufficiently high scale. On the other hand, if the UV part is within the reach of the LHC energies, the W W scattering can also reveal it as a bump in the invariant mass distribution. This can be realized in a number of multiHiggs-doublet models, e.g, 2HDM. Our approach of using longitudinal weak gauge boson scattering is more direct and perhaps more efficient to probe the EWSB. Partial growth in the W W scattering cross sections can be a generic feature in many extensions of the SM.
Detection of such a behavior at the LHC would be fascinating. Perhaps Higgs is not a lone player.
